Objective: Auditory mismatch negativity (MMN) and P3a index preattentive detection of rare stimuli. Their amplitudes normally decrease with age. Previous studies have reported generally smaller than normal MMN and P3a in schizophrenia patients. We aimed to further characterize the course of these deficits over schizophrenia patients' lifespan. Methods: In 253 schizophrenia patients and 147 normal comparison participants (NCPs) encompassing a wide age range (18-65), event-related potentials were recorded while participants watched a silent video and were presented binaurally with 1-kHz tones 500 ms apart, including standards (P = .90, 50-ms duration) and deviants (P = 0.10, 100-ms). Results: Over the entire age range, MMN and P3a were smaller in schizophrenia patients than NCPs. MMN amplitude declined with age in both groups, though slightly less steeply in schizophrenia patients than NCPs. P3a amplitude declined with age in NCPs but not in schizophrenia patients. Conclusions: In our cohort of schizophrenia patients, MMN and P3a deficits were already present at the youngest ages. MMN declined further with age, whereas P3a amplitude remained stable. Significance: This knowledge about how MMN and P3a amplitudes vary with age in schizophrenia patients compared to NCPs can help improve the utility of these indices as clinical endophenotypes or biomarkers.
Introduction
Patients with schizophrenia exhibit neurocognitive deficits across multiple domains, from the earliest levels of sensory information processing, through progressively higher-order faculties such as attention, memory, language, and social functioning. Scalp-recorded electroencephalographic event-related brain potentials (ERPs) allow investigators to probe these cognitive operations with millisecond precision. For example, the auditory mismatch negativity (MMN) ERP waveform indexes an automatic, preattentive form of sensory information processing. MMN is a negative deflection in the ERP occurring when a sequence of frequent, repetitive ''standard" stimuli is interrupted by infrequent or ''deviant" stimuli, which differ from standards in some characteristic such as duration or frequency. MMN begins as early as 50 ms after the onset of deviant stimuli, and peaks after an additional 100-150 ms. MMN requires no overt behavioral response, and can be elicited even in the absence of directed attention (Naatanen, 1992; Rinne et al., 2001; Sussman et al., 2003) . As such, it can be obtained even in fetuses (Draganova et al., 2005) , sleeping infants and adults (Alho et al., 1990; Huotilainen et al., 2003; Nashida et al., 2000) , and comatose individuals (Kane et al., 1996; Morlet et al., 2000) . Thus, it is presumed to reflect an automatic comparison process between the deviant stimulus and a sensory-memory trace (Naatanen et al., 1989) .
At frontocentral electrodes, the MMN wave is often followed by a positive-going ERP deflection peaking at 250-300 ms after stimulus onset (Alho et al., 1997; Paavilainen et al., 1989) . This ''P3a" component is thought to reflect an automatic re-orienting or shifting of attention (Friedman et al., 2001a) . The P3a was originally described in response to occasional novel ''distractor" stimuli occurring when the individual is actively trying to detect infrequent ''target" stimuli (e.g., of a different pitch) embedded in a stream of frequent standard stimuli (Courchesne et al., 1975; Squires et al., 1975) . In this situation, the target stimuli elicit a ''P3b" (or P300) waveform, thought to reflect comparison with previous stimuli in working memory, and distinguishable from the P3a by longer latency and more posterior topography (see Polich, 2007 , for review); both P3b and P3a amplitudes have been found in many studies to be smaller than normal in schizophrenia (Ford, 1999) . The corresponding cognitive processes associated with the
